Background: The role of palliative care has expanded over the past several decades, although the oncology-specific regional evolution of this specialty has not been characterized at the population-based level. Methods: This study defined the patterns of palliative care delivery using a retrospective cohort of patients with advanced cancer within the SEER-Medicare linked database. We identified 83,022 patients with metastatic breast, prostate, lung, and colorectal cancers. We studied trends between 2000 through 2009, and determined patientlevel and regional-level predictors of palliative care delivery. Results: Palliative care consultation rates increased from 3.0% in 2000 to 12.9% in 2009, with most consultations occurring in the last 4 weeks of life (77%) in the inpatient hospital setting. The rates of palliative care delivery were highest in the West (7.6%) and lowest in the South (3.2%). The likelihood of palliative care consultation increased with decreasing numbers of regional acute care hospital beds per capita. The use of palliative care consultation increased with increasing numbers of regional physicians. The use of palliative care decreased with increasing regional Medicare expenditure with a $1,387 difference per beneficiary between the first and fourth quartiles of palliative care use. Conclusions: Geographic location influences a patient's options for palliative care in the United States. Although the overall rates of palliative care are increasing, future effort should focus on improving palliative care services in regions with the least access.
Survey studies have found an increase in the availability of palliative care across the United States, 1 with a near 3-fold increase in the number of hospitals with palliative care teams over the past decade. Similarly, research involving single institutions or single health care networks has found an increase in the use of palliative care services. [11] [12] [13] Despite the apparent increasing use of palliative care in select health care settings, we lack an understanding of how palliative care is delivered among patients with cancer across the nation as a whole. The purpose of this study was to characterize the evolution of palliative care services in oncology from a population-based standpoint. Specifically, we focused on defining the growth, use, and regional differences of palliative care delivery among elderly patients (aged >65 years) with advanced cancer. 
Patterns of Palliative Care Consultation Among Elderly Patients With Cancer
Eric
Background
Palliative care is specialized medical care for people with serious illness at any stage that focuses on optimizing patient quality of life. 1 A multidisciplinary palliative care team will often include physicians, nurses, social workers, pharmacists, and spiritual counselors who collaborate with other medical providers. The palliative care team specializes in whole person assessment, symptom management, and advanced-care planning communication. In oncology, palliative care has increasing relevance given recent studies that link palliative care to improved patient quality of life, reduced cost of care, and even improved survival in patients with metastatic cancer. [2] [3] [4] [5] [6] [7] [8] [9] In fact, current national clinical guidelines recommend early combined integration of palliative care with standard oncology care for any patient with metastatic cancer or high symptom burden.
Methods

Data
This study identified patients with cancer from the SEER-Medicare linked database. SEER represents a collection of individual cancer registries geographically spread across the United States accounting for approximately 28% of the US population. SEER collects information on incident cancer diagnoses within each cancer registry, including demographic, clinical, tumor-specific, and treatment-related information. Medicare provides federally funded health insurance for patients older than 65 years. The SEER-Medicare linked dataset combines patient information from SEER with claims information from the Medicare program. The Medicare claims data allows the ability to track longitudinal patterns of care and health outcomes beyond what SEER captures. Although some minor differences exist in elderly patients within SEER-Medicare compared with the greater United States, overall this unique population-based dataset allows researchers to follow patterns of care and outcomes from prior to diagnosis through the end of life.
14 The Institutional Review Board of the University of California San Diego deemed this study exempt from review.
Patients
This study included patients 66 years of age and older with breast, prostate, lung, or colorectal cancer, which represent the 4 most common cancers in the United States. 15 SEER-Medicare includes patients 65 years of age and older; however, we included patients 66 years of age and older to allow for a 1-year time window before diagnosis to ascertain preexisting comorbidity (described further later). From the SEER-Medicare database, we initially identified 166,124 patients with histologically confirmed distant metastatic cancer diagnosed between 2000 and 2009. We excluded patients with multiple primary tumors (n=21,550), and those diagnosed at death or on autopsy (n=299). This study focused on palliative care in the oncology setting; therefore, we excluded patients who died of noncancer causes (n=12,043) and patients alive at the end of the follow-up period (n=9,942) on December 31, 2010. As is standard in research involving SEER-Medicare, we excluded those with incomplete Medicare claims data. This resulted in excluding subjects without continuous Medicare Parts A and B, or enrollment in Part C any time from 1 year before diagnosis (to determine comorbidity) through death (to identify palliative care). The final study population included 83,022 subjects.
Identifying Palliative Care Consultation
Consultation with a palliative care provider was identified using the International Classification of Diseases, Ninth Revision (ICD-9) code V66.7 ("Encounter for Palliative Care") which is a V-code modifier for palliative care created in 1996. 16 We identified inpatient and outpatient palliative care consultation separately by their appearance in their respective Medicare files. Note that in Medicare, enrollment into hospice is recorded separately from an encounter with palliative care. Hospice use has been characterized extensively elsewhere, and was not included in this analysis.
Patient Covariates
Patient-related demographic variables obtained in SEER included age at diagnosis, sex, race, marital status, and median household income. Median household income was estimated from the 2000 US Census using census tract data preferentially over zip code data, and divided into quartiles for analysis. Patients with missing household income (n=22) were included in the bottom quartile. 17 Comorbidity before cancer diagnosis was estimated using the Deyo adaptation of the Charlson comorbidity index, which uses inpatient and outpatient Medicare claims data the year prior to a patient's cancer diagnosis. 18, 19 Individual SEER cancer registries were reclassified into East (Connecticut and New Jersey), Midwest (Detroit and Iowa), South (Georgia, Kentucky, and Louisiana), and West (California, Hawaii, New Mexico, Seattle, and Utah). Care in a teaching hospital was defined as any indirect medical education payment during a hospitalization after cancer diagnosis.
Regional Covariates
This study evaluated the association between the regional use of cancer-related palliative care and regional health care characteristics. Regional geography was evaluated at the level of hospital referral regions. There are 306 hospital referral regions spread across the United States, and each distinct geographic region represents a predefined health care market for tertiary care services. 20 We looked for correlations in the regional use of palliative care and various aggregate regional health care characteristics. Regional hospital and provider character-istics, obtained from the Dartmouth Atlas of Health Care, 21 included the following variables: number of acute care hospital beds, primary care physicians, hematologist-oncologists, and total physicians. Regional health care use was evaluated with a measure of the average number of days spent in an inpatient hospital and intensive care unit (ICU) in the last 6 months of life, and the percentage of patients who die in a hospital compared with a nonhospital setting. Regional health care expenditure was expressed as the regional annual Medicare reimbursement per enrollee in that specific hospital referral region adjusted for race, age, sex, and geography. 20 
Statistical Analysis
Patient characteristics were stratified by presence or absence of the palliative care consultation ICD-9 code. Multivariable logistic regression models were used to determine the association between palliative care consult and specific patient characteristics. All patient covariates analyzed in the multivariable model were chosen a priori, and included patient demographic and clinical characteristics thought to potentially impact the use of palliative care services (covariates listed in Table 1 ). The ecologic analysis to determine associations between palliative care consultation and regional health care characteristics used an average rate of palliative care consultation per each hospital referral region. This average rate of palliative care consultation was further adjusted to account for underlying differences in patient age, race, and sex by adjustment to the 2000 US population. 22 We grouped patients into quartiles based on the adjusted rates of palliative care use within each hospital referral region. We evaluated trends between quartiles of palliative care use and regional characteristics with a Cuzick's 23 trend test. All statistical tests were 2-sided, and P values less than 0.05 were considered significant. Statistical analyses were performed with SAS version 9.4 (SAS Institute, Inc., Cary, NC).
Results
Among the 83,022 patients with cancer in this study, 5,042 (6.1%) had a record of a palliative care consultation. The fraction of patients receiving a palliative care consultation increased steadily from 3.0% in 2000 to 12.9% in 2009 (Figure 1 ). Most palliative care consultations occurred in the inpatient setting. There were 4,186 patients (83%) with only an inpatient consult, 599 (12%) with only an outpatient consult, and 257 (5%) with both an inpatient and outpatient consult. Additionally, a substantial portion of patients had palliative care consultations near the end of life. Among patients with a palliative care consultation, 77% had a consultation within a month of death and 37% had it in the last week of life (Figure 2 ). Less than 10% of patients had a palliative care consultation more than 3 months before death. Table 1 demonstrates associations between patient-level characteristics and palliative care consultation. On multivariable analysis, older patients and male patients were less likely to undergo consultation from a palliative care provider. Among a small percentage of the identified cases, prostate cancer was more likely to have a palliative care consultation in contrast to other cancer types. Patients with higher preexisting comorbidity were less likely to receive palliative care consultation. The odds of a palliative care consultation nearly doubled among patients receiving care in a teaching hospital. Patients in the South had lower rates of palliative care use.
Analysis of data by hospital referral region revealed substantial geographic variability in the use of palliative care (Figure 3 ). The use of palliative care ranged from 0% to 14.1% from the lowest to the highest hospital referral region. Of note, 94% of hospital referral regions had an increase in the use of palliative care over the study period.
Associations between regional health care characteristics and palliative care are presented in Table  2 . The likelihood of a palliative care consultation increased with decreased numbers of regional acute care hospital beds. The increased use of palliative care resources was associated with increased numbers of regional physicians per capita. Of note, no marker of aggressive care at the end of life on the regional level was associated with palliative care use. This included the regional average rates of hospitalization use or ICU use in the last 6 months of life, as well as percent of patients dying within a hospital setting. Finally, lower regional annual reimbursement per Medicare enrollee was associated with increased use of palliative care. Between the first and fourth quartile of palliative care use, the regional annual reimbursement decreased by $1,387 per Medicare enrollee. 
Discussion
This current study found a steady increase in the rate of palliative care consultation across the United States over the past decade. Our findings describing the use of palliative care services parallel and further validate other research describing the availability of palliative care. Morrison 24 described palliative care penetration highest in the New England (88% of hospitals), Pacific (77% of hospitals), and mid-Atlantic (77% of hospitals) states and lowest in the west south central (43% of hospitals) and east south central (42% of hospitals) states. Over the past decade, the number of hospitals with palliative care teams has nearly tripled. In 2012, a total of 1,734 of 2,844 hospitals with 50 beds or more reported having a palliative care team, and these teams served an estimated 6 million patients. 1 In 2006, midway through our study period, the American Board of Medical Specialties and the Accreditation Council for Graduate Medical Education recognized Hospice and Palliative Medicine as a subspecialty with its own board examination. We found a steady increase in the use of palliative care before and after 2006.
A notable finding of our study highlights the observation that palliative care interventions occur very near the end of life, most often in an inpatient setting. In fact, more than one-third of patients receiving palliative care did so in the last week of life.
These findings echo survey data from US cancer centers showing that palliative care referrals occurred late in patients' disease trajectories. 11 Additional survey data from Canada also found late referrals to palliative care, often in response to patients with uncontrolled symptoms. 25 The landmark study by Temel et al, 5 published in 2010, demonstrated the impact of early palliative intervention. This study found that patients with metastatic lung cancer had improved quality of life and survival when early palliative care was integrated with standard oncology care. ASCO and NCCN both have clinical guidelines that recommend early integration of palliative care among patients with incurable cancer. 10, 26 It is important to consider that these guidelines were published after our study period (2000-2009), although we found that most palliative care is delivered in the inpatient setting near the end of life. This suggests that palliative care today is far from achieving the recommended early, simultaneous integration delivery model into standard oncology care.
Beyond the timing of palliative care, our study found considerable regional differences in the use of palliative care across the United States. Our analysis by hospital referral region revealed that the rates of palliative care among patients with metastatic cancer ranged from a low of 0% to a high of 14%. We did find that the fraction of patients receiving palliative care consultation increased in regions with more physicians per capita and in regions with lower Medicare expenditure per enrollee. Importantly, the association between palliative care and regional Medicare expenditure in this study does not necessarily imply causality. For example, we cannot assume that the increased use of palliative care led to decreased health care expenditure. This relationship may simply indicate that underlying patient or regional factors led to both increased use of palliative care and decreased use of health care resources. Of note, decreased health care cost is a byproduct not a goal of palliative care consultation. Despite the lack of causality, a recent study found decreased health care cost among hospice enrollees compared with control patients. 27 Additional research on administrative data from 8 hospitals found that patients undergoing palliative care had substantially decreased health care costs associated with hospital admissions. 12 Future prospective research or carefully controlled retrospective cohort studies are needed to fully understand the health economic implications of palliative care. This population-based study has limitations worth considering. Given the nature of SEER-Medicare data, we cannot readily validate the sensitivity or specificity of the ICD-9 code for palliative care.
Although the code appears specific to palliative care consultation, undercoding is likely, which could lead us to underestimate palliative care delivery in elderly patients with cancer. Additionally, our analysis did not include patients younger than 66 years. We found increasing rates of palliative care among our youngest cohort of patients, which could indicate higher rates among patients younger than 65 years; however, we do not know for certain if these results generalize to a younger population. This representative sample is also limited to patients with cancer located in SEER locations, and therefore our findings my not translate to regions outside of SEER. Finally, we restricted our analysis to breast, colorectal, lung, and prostate cancers, and excluded patients in managed care organizations; therefore, our results may not generalize to other cancers, patients without cancer, or different health care networks.
Despite these limitations, in this population of Medicare patients with advanced cancer we found that the rates of palliative care have steadily increased over the past decade, although consultations appear to occur very near the end of life and mostly in the inpatient setting. Additionally, geographic location substantially influences whether a patient will receive palliative care. These findings provide useful information on potential barriers in palliative care dissemination and provide guidance for future areas of palliative care growth.
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